Introduction
The dramatic loss of ozone observed in the springtime in the Antarctic is due to high levels of photochemically active c•orine produced from inactive reservoir species by the These reactions occur on the surfaces of polar stratospheric cloud (PSC) particles consisting chiefly of water ice and solid nitric acid trihydrate HNO3(H20)3. Various laboratory investigations of the rates of these reactions show significant discrepancies. These may be because of differences in the surface state of the PSC materials used in the experiments. If so, this raises concern for the applicability of the measurements to atmospheric particles since the degree of surface coverage may differ from the laboratory materials.
Most investigations of reaction rates on PSC materials
have treated the surface as though it is the same as the underlying substrate. More recently, workers have begun to recognize that the surface will be altered by adsorbed species (Elliott et al., 1991; Abbatt and Molina, 1992; Ravishankara, 1992). Here i propose a simple model for the effect of adsorbed species on the surface reaction rates. This model is speculative and is presented in the hope that attempts to test it will help to elucidate the true mechanism and will act as a guide in obtaining further data.
The first assumption of this model is that PSCs consist of 0nly two types of solids: pure ice and pure nitric acid The second assumption is that it is the degree of surface adsorption, not the substrate composition, that determines the reaction rate. The relationship between surface coverage and gas phase partial pressures is assumed to be described by Langmuir adsorption isotherms. The actual isotherms may be much more complex; however, the existing data is hardly sufficient to evaluate even this simple model. If there are a limited number of surface sites, the adsorption of multiple species is a competitive process. The fractional surface coverage, 0, of a particular species in the presence of other adsor-bed species is given by (Adamson, 1967 , pp 570-572)
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where b are adsorption equilibrium constants and P are partial pressures. For weakly adsorbed species (biPi < < 1), 0 i will be proportional to Pi; for strongly adsorbed species (biP i > > 1), 0 i will be nearly independent of Pi. An important feature of this equation is that the coverage of a reactant of interest is determined, in part, by the presence of other species that are not directly involved in the reaction. The rates of heterogeneous reactions are generally expressed as reaction probabilities, ¾; this is the fraction of collisions with the surface that result in reaction. I will assume that ¾ depends on the probability that the second reactant is already adsorbed at the collision site. Thus, ¾ for the gas phase reactant is proportional to 0 for the adsorbed reactant. Since the effects of surface coverage have not been systematically investigated, the analysis given here is speculative and is intended largely to outline the type of data that is needed to interpret these reactions.
Equilibria of PSC materials
At equilibrium the surface must be in equilibrium with both the gas phase and the substrate. For ice the consequences are simple; at equilibrium the partial pressure of H20 is equal to the vapor pressure of ice. For HNO3(H20)3 the situation is not so simple. It has generally been assumed that the partial pressures of both H20 and HNO 3 may be fixed independently and that the solid phase adjusts its composition much as a liquid solution would. In fact there is no experimental or theoretical basis for this assumption. From conventional ideas in physical chemistry, we expect a solid phase such as HNO3(H20)3 to exclude both H20 and HNO 3. Smith et al.
(1991) present evidence, based on infrared spectra, that this is so. We also expect that the equilibrium constant, Kp, for the decomposition of the solid should be given by Smith (1990) has analyzed the data of Hanson and Mauersberger (1988) to obtain in the form of equation (7) ß and has shown that this is consistent with an estimate based on thermodynamic data. However, these thermodynamic data may be used to obtain a more accurate value of/q,. The entropy of decomposition as a function of temperature may be obtained by combining the heat capacity and absolute entropy for HNO3(H20)3 with entropy data for H20(g ) and HNO3(g). 
Hanson and Ravishankara (1992) report that the uptake of HC1 on HNO3(H20)3 at 191 K is about half as great as on ice. If this reduction is because of competitive adsorption then we
can estimate the relative adsorption coefficients from equation (6). In these experiments, the gas phase was nearly saturated with respect to water ice so equations (7) and (8) will adopt a simplified picture of the effect of the pores; the part of the ice surface that is exposed directly to N205 will be the "external" surface and the part that is accessih!e only through pore diffusion will be the "internal" surface. A detailed analysis, using the approach of Keyset et al. (1991), is not justified by the present data.
In the experi,ments of Quinlan et al., once the ice film was førmed the chamber conta/ning it was temporally dosed off.
During this time, we might expect that HNO 3 will outgas from the glass surface of the reaction cell and collect on the colder ice surface. This will occur chiefly on the external surface since HNO 3 should have a large mass accommodation coefficient, •. When the reaction chamber is opened, the external surface is already poisoned by HNO 3. Pumping on the chamber removes gas phase HNO 3 and causes HNO 3 to evaporate from t• external surface; thus, the reactivity of this surface increases. Meanwhile, the reaction of N20 • on the internal surface gradually coats it with HNO3 and its reactivity decreases. Since e• > > ¾, it is plausible that the time scale for HNO3 evaporation from the external surface is much shorter than the time scale for poisoning the internal surface. In this case, the observed ¾ will first increase and t•hen decrease before both the internal and external surfaces reach the same steady state coverage of HNO 3.
Conclusions
The existing data for reaction rates on HNO3(H20)3 and ice may be in•rpreted in terms of a simple, speculative model, based on Langmuir adsorption isotherms. The critical factor in this model is the surface coverage of the reactants, not the nature of the substrate. The coverage of a particular adsorbent will be determined in part by its partial pressure and in part by competition with other adsorbed •pecies. At high partial pressures, the surface tends to saturate so that a lack of dependence of the rate of reaction on the partial pressure of one reactant may not be indicative of a lack of dependence at lower partial pressures.
Preliminary analysis of existing data indicates that the adsorption coefficients increase in the order H20, HOC1, HC1, HNO 3. The strong adsorption of HNO 3 appears to make it especially effective at reducing the adsorption of other species. The effect of HNO3 on surface reaction rates implies that bi. mo3/bmo = 2 x 106 at 201 K. Three different data sets imply bx•No3/bx•ci = 50+25 at 202 K. However, the data are too sparse to provide either a true test of this model or reliable values of the adsorl•ion coefficients.
The most important conclusions to be drawn are not the details of the model but the nature of the information that is needed to properly understand these reactions. The surface coverage of the reactants must be determined as a function of partial pressure and temperature and the reaction rates must be determined as a function of coverage and temperature.
